Introduction
Cerebral malaria, a diffuse encephalopathy caused by an infection with Plasmodium falciparum parasites, is still an important cause of death and disability in many African countries and occurs in 1-8% of all patients with falciparum malaria. 1 The occurrence of epileptic seizures is a wellknown clinical feature in the acute phase of cerebral malaria. 2, 3 Also later in life epileptic seizures may occur, with a much higher prevalence 4 than in patients with a history of complex febrile seizures. 5 In children and adults the seizures are typically characterized as generalized tonic-clonic or as partial motor seizures with secondary generalization. 6, 7 Cerebral malaria provokes an anatomical and functional derangement of the subcortical white matter and fronto-temporal neocortex, 3, 8 whereas some experimental animal studies 9, 10 describe selective damage to the mesial temporal lobe structures like the hippocampus. The prevalence of complex partial seizures following cerebral malaria is unknown, as well as the Summary The most common indication for epilepsy surgery is temporal lobe epilepsy (TLE) which usually is divided into two categories, mesial and lateral TLE. The commonest pathology underlying mesial temporal lobe epilepsy (MTLE) is mesial temporal sclerosis (MTS); we report on a 50-year-old male patient, who contracted cerebral malaria and developed MTLE shortly thereafter. Magnetic resonance imaging (MRI) showed MTS. Surgical treatment was an anteromedial temporal lobe resection with amygdalohippocampectomy. The patient is seizure free, 36 months after surgical treatment. This is the first report describing MTLE-onset subsequent to cerebral malaria and discussing the potential pathophysiological relationship between cerebral malaria and MTS. # 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. relation between the initial seizure type and the kind of epilepsy that evolves later on. To the best of our knowledge, the development of medically intractable mesial temporal lobe epilepsy (MTLE) shortly after a cerebral malaria infection and the histological diagnosis of hippocampal sclerosis as a possible consequence of this infection has never been documented up to now.
Case report History
A 50-year-old patient, who suffered from medically intractable temporal lobe epilepsy (TLE) for 21 years, was sent to our department for epilepsy surgery. As a 29-year-old man he contracted cerebral malaria in Tanzania, Africa. The first presentation of this infection was abrupt with headache, high fever and a single tonic-clonic seizure followed by a period of stupor worsening to coma that lasted no more than 24 h. About 6 months after this acute phase, clusters of nocturnal tonic-clonic seizures started, which changed into seizures with a rising epigastric aura, an aura of fear and feelings of derealization. The auras were followed by a period of impaired consciousness, oral alimentary automatisms, and swearing. The seizures lasted for 2 min after which quick postictal recovery of consciousness without dysphasia occurred. The patient received first-line antiepileptic drugs in monoand polytherapy but on his last regimen of carbamazepine 400 mg twice a day and clobazam 10 mg every 8 h, he still experienced the above-mentioned seizures four to five times a week and, once a year, a secondary generalization. The patient had a negative family history on epilepsy and had never experienced febrile seizures as a child.
Examination
Physical and neurological examination yielded normal findings. The surface EEG recording of six seizures showed distinct rhythmic spike waves in the right fronto-temporal region with a maximum on the right sphenoidal electrode, within 30 s changing into a Risinger rhythm. In four out of six seizures the ictal epileptiform activity was restricted to the right antero-temporal region whereas in two seizures there was an ictal spread to the postero-temporal region. At the time of these ictal epileptiform changes the patient had the above-mentioned symptoms. Interictal epileptiform activity was compatible with a right antero-temporal focus. Magnetic resonance imaging (MRI) revealed a smaller hippocampus on the right side with an abnormal signal intensity (Fig. 1 ).
Operation
A right-sided anteromedial temporal lobe resection, with a posterior margin of 5 cm behind the temporal pole, together with an amygdalohippocampectomy was performed. Peroperatively, the hippocampus was found to be small and of hard consistency. Adhesions were found caudally, at the most anterior 2 cm. The hippocampus was removed ''en bloc'' with a length of 3.5 cm. No intra-operative recordings were performed.
Postoperative course
Histopathological evaluation of the hippocampus revealed mild astrogliosis and neuronal cell loss, i.e., hippocampal sclerosis grades I-II. 11 The temporal neocortex did not show dual pathology. Until now, 36 months after the operation, the patient is completely seizure free (Engel class I A).
Discussion
Infections of the central nervous system are commonly associated with epilepsy, which prevalence doubles between 5 and 15 years after infection. 5 However, less is known about the role of malaria or the more severe cerebral variant in the development of epilepsy in general and MTLE in particular. Seizures in general are reported to occur in 3-20% of the patients in the acute phase of cerebral malaria but according to the most recent report of the International League against Epilepsy 12 a propensity for long-term epilepsy in adults has not been proven. Only two studies 6,7 focused on the relationship between cerebral malaria in children and epilepsy and demonstrated an increased propensity for epilepsy in general. Carter et al. 6 describe a Kenian population with a high prevalence of tonic-clonic seizures, whereas complex partial seizures were registered in 1 out of 487 children. The number of complex partial seizures in this study may however be underrated because the symptoms have not been recognized as epilepsy or because of stigmatization of patients with complex partial seizures leading to a high reluctance to speak about epileptiform symptoms. 13 In another recent study, 7 partial motor seizures have been reported in children who were significantly younger than those with tonic-clonic seizures in the study of Carter et al., 6 suggesting an age influence. Varney et al. 3 retrospectively studied the occurrence of complex partial epilepsy in adults with cerebral malaria in which the prevalence of these seizures was estimated by means of a ''complex partial seizure interview''. However, this study lacks clinical, electrophysiological, and radiological data concerning the mesiotemporal origin of the seizures. Despite the high prevalence of cerebral malaria (51 million patients every year), 14 epidemiological data suggesting a possible relationship between malaria, seizures and hippocampal sclerosis is lacking. This is most probably due to the circumstances that patients with cerebral malaria and epilepsy in sub-Saharan African countries do not have regular access to sophisticated MR imaging methods. 15, 16 In the case-report presented here, a patient who had suffered from cerebral malaria was diagnosed with hippocampal sclerosis-associated MTLE based on seizure type, radiological, electrophysiological, and histopathological evaluation. The pathogenesis of hippocampal sclerosis and MTLE is poorly understood and probably multifactorial but the most cited theory is the ''two-hit hypothesis''. An initial precipitating event, e.g. a CNS infection or hypoxia 2,7 combined with a second factor that increases vulnerability to neuronal injury, e.g. genetic predisposition, 17 may lead to mesial temporal sclerosis (MTS). Alternatively, cerebral malaria may have been a necessary, albeit insufficient by itself, requirement for an existing abnormality to evolve into MTLE. It is hypothesized that hypoxia, caused by sequestration of parasitized red blood cells in the cerebral microvasculature, may be the mechanism by which the hippocampus, particularly sensitive to hypoxia, is injured. There are limited clinical and animal data that support this hypothesis. For instance, in a population of 65 children Crawley et al. 7 found that 75% of the epileptiform activity consistently arose from the posterior temporo-parietal region which is a vascular watershed area supplied by the carotid circulation and the vertebro-basilar circulation. In a case study, Grote et al. 2 concluded that deficits in delayed memory following cerebral malaria were consistent with hippocampal dysfunction. Experimental animal studies demonstrated that cerebral malaria causes neuronal cell death in the hippocampal CA1 area of Plasmodium berghei K 173 infected mice, 10 and that these mice suffered from compression of cerebral capillaries and ischemic demyelination particularly in and around the hippocampal region. 9 The endothelium of blood vessels produces NO in response to many circulating hormones and neurotransmitters. NO subsequently stimulates soluble guanylate cyclase in the adjacent smooth muscle cells, resulting in an accumulation of the cyclic nucleotide cGMP, which produces relaxation of the smooth muscle cells and ultimately results in vasodilatation. As the neuronal cell death in the P. berghei K 173 infected mice of Stoltenberg-Didinger et al. 10 could be prevented by treating the mice with pentoxifylline, an inhibitor of cGMP breakdown, it is tempting to suggest that vasodilatation may be neuroprotective in this model. In addition to hypoxia, also the infection-induced fever and, as a consequence, proinflammatory and proconvulsive cytokines and neurotoxic glutamate concentrations, may contribute to the development of MTLE and hippocampal sclerosis. However, a causal relationship between fever and MTLE has never been proven by prospective studies. 18 
Conclusion
This is the first case in which hippocampal sclerosisassociated MTLE was clinically, histopathologically, radiologically, and electrophysiologically confirmed in a patient who previously suffered from cerebral malaria. The exact pathophysiological mechanism which causes a sclerosis of the temporomesial structures after cerebral malaria has to be elucidated. This case demonstrates that, also in patients with a history of cerebral malaria, an anteromedial temporal lobe resection with amygdalohippocampectomy is a good therapeutical option for intractable MTLE. Further prospective clinical studies will be necessary to determine the path by which cerebral malaria can lead to MTLE.
European Community program ''Quality of Life and Management of Living Resources'' under contract number QLK6-CT-2000-60042 and reference number QLK6-GH-00-60042-42.
